Background: Bell's palsy or idiopathic facial paralysis is an acute facial paralysis caused by the inflammation of facial nerve. Several previous studies showed that acupuncture was beneficial in the treatment of facial paralysis. However, its effectiveness is still controversial compared with drug therapy. Therefore, this systematic review and meta-analysis was performed to assess the efficacy of acupuncture for Bell's palsy.
Introduction
Bell's palsy, also known as acute idiopathic facial paralysis, is an acute peripheral facial neuropathy which is the most common cause of lower motor neuron facial palsy. [1] The common clinical features of Bell's palsy include sudden onset, unilateral, weakness of the facial nerve, auricular pain, headache, hyperacusis, dysgeusia, dry eye, and epiphora. [2, 3] Sometimes, it is accompanied by a subjective change in taste sensation, facial sensation and over activity. [4] However, some patients recovered with insignificant sequelae, and may had permanent diminished facial function, contracture or synkinesis. [5] The incidence of Bell's palsy is about 11 to 40 per 100,000 adults each year, [6] and 1 in 60 people may have a fatal risk. [7] According to the data of the United States (US), there were more than 60,000 people that developed Bell's palsy in the US each year. [8] Therefore, the treatment of this disease has received widespread attention around the world.
Because of the unclear etiology of Bell's palsy, there were a variety of treatment options. The treatments usually include antiviral drugs, [9] Vitamin B drugs, [10] corticosteroids, [11] surgery, [12] physiotherapy, acupuncture treatment and others. In the treatment of facial paralysis, some neurotrophic and neurorestorative drugs are often used. Vitamin B was beneficial for the recovery of peripheral nerve function and can be used orally. [13] Corticosteroids have long been used in Bell's palsy due to their potent anti-inflammatory effects and have proven to be an effective treatment. Previous studies showed that there were evidences of the presence of the herpes simplex virus in some cases of Bell's palsy. [14, 15] Thus, antiviral agents were applied in some patients with Bell's palsy. As optional treatments for Bell's palsy, surgical decompression of facial nerve or physical therapy has been suggested in several studies, [16] but some studies found that surgical therapy was not effective. [17] In China, acupuncture, as one of the oldest traditional therapies, has been used to treat various diseases including facial palsy for many years. Meanwhile, acupuncture has been recognized as one of the main therapies for complementary and alternative medicine (CAM) in the United States. [18] Acupuncture is a practical and low-cost intervention that works well for many diseases with few side effects. In recent years, there were several Cochrane systematic review for the treatment of facial paralysis in which acupuncture interventions had been reported. [19, 20] These studies investigated that there was insufficient evidence to prove that acupuncture had a positive effect on the treatment of facial paralysis.
As acupuncture is receiving extensive attention, investigating its efficacy and potential modifiers are necessary to better understand and apply this traditional Chinese medical treatment. Nowadays, more and more doctors in Asia choose to use acupuncture to treat facial paralysis. However, the effects of acupuncture and drugs on the treatment of facial paralysis are still controversial. Therefore, we conducted a systematic Review and meta-analysis of randomized controlled trials (RCTs) to investigate whether Bell's palsy patients would benefit from acupuncture treatment comparing with drug therapy.
Materials and methods

Search strategy
This meta-analysis was performed in adherence to PRISMA statement. [21] A comprehensive literature search with no language restriction was conducted using PubMed, Embase, the Cochrane Register of Controlled Trials. We did not search gray literature, such as conference abstracts and unpublished reports. During the search process, the full-texts of some articles were limited as the problem of copyright in PubMed, and Embase, the Cochrane Register of Controlled Trials. Then we tried to find these full-texts by searching them in China National Knowledge Infrastructure (CNKI), Wanfang Database and the websites of related journals by using the information of PMID, DOI and others. The searching process was independently performed by two investigators (Rongchao Zhang and Tao Wu). We searched terms related to Bell's palsy, acupuncture, and terms related to randomized controlled trials. The detailed search strategy is showed in the Appendix 1: (Search Strategy and detailed records, http://links.lww.com/MD/C967.)
Study selection
Inclusion criteria of studies:
1. study design: randomized controlled trials; 2. population: patients with Bell's palsy (Facial paralysis or idiopathic facial paralysis or herpetic facial paralysis); 3. intervention: the intervention was acupuncture therapy, the acupuncture therapy refers to needling or needling combined with moxibustion; 4. Comparison: oral medication or topical injection without other therapy.
Exclusion criteria of studies:
1. not RCTs;
2. trials testing other forms of acupuncture, such as laser acupuncture or electric acupuncture; 3. studies of comparison of 2 different forms of acupuncture methods; 4. the intervention group of studies combined more than 2 therapies, such as acupuncture plus medication.
Data extraction and outcome measures
The data extraction process was applied blindly. Two investigators (Rongchao Zhang and Tao Wu) independently extracted the following information from each study: first author, publication year, country, ethnicity, mean age, number of cases and controls, treatment methods for each group. The primary outcome was cure rate, and the secondary outcome was total effective rate. The efficacy criteria for facial paralysis treatment were determined with reference to the House-Brackmann judging and grading system of facial nerve function. [22] There are 4 levels of the efficacy: cured, markedly effective, effective, and ineffective. The percentage of cured was called cure rate, and the percentage of markedly effective or effective were called total effective rate.
Assessment of bias risks and methodological quality of included studies
The following aspects of included studies were assessed by 2 authors (Rongchao Zhang and Tao Wu), respectively: random sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting; other bias. A grade of 'high', 'low', or 'unclear' was given for each item. The risk of bias was assessed using the modified tool for "risk of bias" from the Cochrane Handbook for Systematic Reviews of Interventions. [23] Any disagreement was resolved by discussion with a third investigator (Ruihui Wang).
Statistical analysis
Relative risks (RR) with 95% confidence intervals (CI) were evaluated for outcomes. We firstly used the fixed model to pool the effect sizes of the primary and secondary outcomes, and the results showed that the homogeneity among the pooled studies was poor (the I 2 statistic = 67%, Cochrane Q test P = .0008 and the I 2 statistic = 90%, Cochrane Q test P < .00001, respectively). Then the random effect model was used to pool RRs. Publication bias was assessed using funnel plots and we did not analyze Egger test or Begg test, since there are only 11 included studies. Heterogeneity across studies was assessed using the Q statistic and I 2 statistic. We defined that the statistical heterogeneity was set at the I 2 statistic >50% and/or Cochrane Q test P < .10. It was performed by excluding any single study to test the robustness of the pooled results. Subgroup analyses were performed by intervention methods (acupuncture vs acupuncture combine with moxibustion), different methods of medicine (western medicine vs Chinese and western medicine), published year (before 2005 vs after 2005), sample sizes (≥90 vs < 90). P value < .05 were considered statistically significant. The sensitivity analysis was analyzed using Stata 14.0 (Stata Corporation, College Station, TX), and the rest of available data were analyzed using RevMan 5. 
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Results
Study selection and characteristics
Detailed steps of the literature search and study selection are summarized in Fig. 1 . We identified 323 relative articles: 68 Figure 1 . Flowchart of study search. [24] [25] [26] the control group combined with non-drug therapy; in 6 articles, non-acupuncture therapy was used in the observation group; in 2 studies, [27, 28] the intervention of the observation group was acupuncture plus electroacupuncture; 1 study, [29] used light irradiation therapy device; 2 studies [29, 30] used cupping therapy; and the acupuncture group of 1 study [31] used drug therapy. Four studies [32] [33] [34] [35] compared the effectiveness of different types of acupuncture therapy. The efficacy evaluation of 1 article [36] is not clear, and 1 article. [37] was repeated with the previous study. Therefore, of the 46 full-text publications obtained, only 11 RCTs [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] met our inclusion criteria. Characteristics of the 11 included RCTs were shown in Table 1 . All the included studies were based on patients with newly developed facial paralysis, excluding patients with intractable paralysis. The newly developed facial paralysis was defined as the time during which facial paralysis occurs within one month. The observation time points of each study were between 1 to 1.5 months, and the cure rate and total effective rate of the experimental group and the control group were evaluated at the same time. All the included studies were performed in China and published from 1996 to 2015. Nine studies were written in Chinese and 2 in English. [40] [41] [42] [43] [44] [45] A total of 1258 participants were enrolled in this meta-analysis with sample sizes ranging from 28 to 284. The patients were randomly assigned to intervention group (acupuncture group) or control group (drug group), with their age ranging from 8 to 78 years old. In the intervention group, acupuncture treatment only included manual acupuncture or manual acupuncture combined with moxibustion, while the control group only included drugs (oral or injection). In the intervention group, 3 [40, 41, 47] of the 11 articles used acupuncture combined with moxibustion, and the rest 8 studies used traditional acupuncture. All the included RCTs used drug therapy as control. Only 1 RCT referred to adverse effects and/or complications during acupuncture therapy. [40] The rest of studies did not report the side effects and/or complications of patients.
Methodologies bias of selected studies
Details of the quality of included studies were shown in Fig. 2 .
Randomization was performed in all studies, but only 4 studies reported the details of random sequence generation. [40, 45, 47, 48] Only 1 study [45] reported the information of allocation concealment, and none of the other studies mentioned it. Some included studies were assessed as having high risks cause because they did not describe the blinding process. One study reported that the outcome assessment was blinded. [45] Incomplete outcome data were reported in 7 trails, and 8 trails conducted selective reporting with a low risk of bias. Five trials reported other kinds of bias. [39, 42, 43, 45, 48] In general, the overall risk of bias in included studies is pretty high.
Primary and secondary outcomes
All the selected 11 studies were used to calculate the pooled estimate for assessing the cure rate and total effective rate.
In summary, 379 individuals were cured in the acupuncture group (n = 646) and 199 individuals were cured in the drug group (n = 612). The total cure rates for the acupuncture and drug groups were 59.7% and 32.5%, respectively. Acupuncture treatment was associated with an increased cure rate (RR = 1.77, 95% CI: 1.41-2.21, Fig. 3) , with significant heterogeneity in the pooled results (I 2 = 67%, P = .0008). There were 626 individuals in the acupuncture group were evaluated as effective in treatment among 646 patients and 508 individuals in the control group were evaluated as effective among 612 patients. The total effective rates in the acupuncture and drug groups were 96.9% and 83.0%, respectively. Acupuncture therapy was associated with an increased total effective rate (RR = 1.18, 95% CI: 1.07-1.31, Fig. 4) , with significant heterogeneity in the pooled results (I 2 = 90%, P < .00001).
Publication bias, subgroup analyses and sensitivity analysis
We conducted funnel plots for the primary and secondary outcomes to assess the potential publication bias of the included studies. In regards to the cure rate, we initially found that funnel plot yielded no extreme publication bias (Fig. 5) . And for the outcome of total effective rate, there was also no obvious publication bias can be observed based on the funnel plot (Fig. 6) .
Subgroup analyses based on intervention methods, different methods of medicine, published year and sample sizes showed similar results across all the analyses (Table 2 and Appendix 2, http://links.lww.com/MD/C967) Sensitivity analysis was conducted to evaluate the stability of the results. In sensitivity analysis, excluding any single study at each turn did not lead to a remarkable change in the overall RR and 95% CI of cured rate and total effective rate, indicating that the pooled results were stable. (Figs. 7 and 8) 
Discussion
In this systematic review and meta-analysis, 323 RCTs were found by searching PubMed, Embase and Cochrane Central Register of Controlled, and finally 11 RCTs were included with 1258 patients. The observation group used traditional Chinese acupuncture therapy (acupuncture or acupuncture plus moxibustion), and the control group used drug therapy (oral or injection). Through this study, more evidence can be provided to explore whether acupuncture is beneficial to Bell's palsy and whether it is more effective than drug therapy. The interventions included in the previous studies were complicated, such as acupuncture combined with drug therapy as an intervention group and drug therapy alone as a control group. The studies included in this meta-analysis was acupuncture as an intervention group, and drug treatment as a control group, which is a more direct and accurate comparison of the effects of acupuncture treatment and drug treatment for Bell's facial paralysis.
The results showed that patients in the acupuncture group may associated with increased cure rates and total effective rate (RR = 1.77, 95% CI: 1.41-2.21; RR = 1.18, 95% CI: 1.07-1.31) compared with the drug group. All the RCTs included in this meta-analysis indicate that acupuncture was an effectively treatment for Bell's facial paralysis (peripheral facial paralysis). Bell's palsy is a self-limiting disease, and some patients can recover spontaneously without treatment. Therefore, researches Significant heterogeneity was observed in studies comparing acupuncture and drug efficacy. Experimental design, methodological deficiencies and operator skill differences may be the main causes of heterogeneity. Meanwhile, the various sample size between studies is also a source of heterogeneity. There are some methodological flaws in the included studies. First, in the part of allocation concealment, some studies have not been concealed or not described. Second, some studies did not perform the blinding of participants and personnel, which may cause performance bias. Analysis of the risk of bias indicated that the high-risk bias of the included studies was mainly due to the fact that the study process was not blinded or unreported, and assessment of the results were not blinded or unreported. In further studies, the conditions of the experimental group and the control group should be strictly controlled, and blind grouping and treatment should be strictly applied. Meanwhile, future researches should expand the sample size to obtain more objective and accurate results.
There were several meta-analyses about the acupuncture treatment for patients with Bell's palsy. Zhou et al [49] searched for relevant literature before 2009 and included 6 RCTs, including 537 Bell's palsy participants. However, due to the poor quality of the included studies, reliable conclusions cannot be drawn about the efficacy of traditional acupuncture and other treatments. Kim et al [50] searched for relevant literature before June 2010. A total of 8 RCTs were included in their study. The Cochrane bias risk tool was used to assess the quality of these trials. Due to the low quality of the trials, no definitive conclusions were reached. Li et al [51] searched for literature before 2015 and included 14 RCTs, including 1541 Bell palsy patients. Since the data included in the study were incomplete, no complication rate was assessed. They investigated www.md-journal.com Figure 6 . The funnel plot of the total effective rate. that acupuncture seems to be an effective treatment for Bell's palsy, but due to the poor quality and great heterogeneity of the included studies, there is insufficient evidence to support the efficacy and safety of acupuncture. Zhang et al [52] searched for literature before July 2016 and included 20 RCTs, including 2508 Bell palsy patients. Their results show that due to limited methodological quality and potential biases of studies, it was not possible to conclude that acupuncture was effective against facial paralysis.
Although acupuncture therapy shows benefits, the efficacy may be influenced by factors such as patient's compliance and doctor's experience. Because the use of acupuncture is a complex technical process, differences in the depth and strength of the needles penetrated by different operators may also affect the effectiveness of acupuncture treatment, which increases the difficulty of assessing the consistency of each trial. However, acupuncture therapists can achieve constant standards through regular www.md-journal.com training and practice. Insufficient information about the side effects or complications of acupuncture treatment means that we cannot further evaluate other meaningful clinical indicators. Therefore, we need more high-quality and large sample randomized controlled studies to explore the effects and side effects of acupuncture treatment. This study has several limitations. First, the sample size of included studies were small, which may lead to limited generalizability. Second, the experimental design of several studies was not good enough, such as randomization, allocation concealment, and blinding were not performed strictly. Third, information of the side effects and complications of acupuncture were not presented in the trails. This means that there was not enough evidence to prove the safety of acupuncture treatment, so potential risks need to be considered when giving treatment advice.
Conclusion
Despite the poor quality of the included studies, our metaanalysis further confirmed the results of previous researches. Despite the high risk of bias and heterogeneity, acupuncture seems to be superior to drug therapy in the treatment of Bell's palsy including cure rate and total effective rate, which may be an effective method of treating Bell's palsy. When treating patients with facial paralysis, Acupuncture can be seen as one of the effective and operational treatment options. However, due to the existence of methodological flaws and potential bias risk in the included studies, more high-quality and large-sample RCTs are needed. Therefore, please carefully refer to the research conclusions of this meta-analysis.
